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Abstract: The aim of the dye adsorption study was to determine the optimum conditions for the removal of a 
cationic dye that is methylene blue. Activated carbons were prepared from agro waste material cicer 
arientinum. Carbons were prepared by , only carbonization C800, phosphoric acid treatment MIP, 
potassium hydroxide treatment MIK and commercial carbon COM1. Adsorption capacity of the prepared 
carbons was carried out and then compared with commercial carbon. Applicability of Langmuir and 
Freundlich isotherms was checked to deduce mechanism of adsorption. Adsorption isotherm parameters 
obtained from different models provide important information on the surface properties of the adsorbent and 
its affinity to the adsorbate. 
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Introduction:  
One of the prominent applications of activated 
carbon is effluent treatment. Dyes and gases are 
common pollutants. Dyes are the most visible 
pollutants in waste water generated by various 
industries. Selective adsorption of these dyes by 
activated carbon has proven to be effective solution 
in environment management. Adsorption can be 
defined as the change in concentration at the 
interfacial layer between two phases of a system. It 
is a surface phenomenon. Surface chemistry deals 
with chemical processes at the interface between 
two phases and the special properties of the 
colloidal systems. There are two principal modes of 
adsorption of molecules on surfaces viz. Physical 
adsorption (Physisorption), Chemical adsorption 
(Chemisorption). The factors that affect the 
adsorption process are nature of adsorbent, 
concentration of adsorbent and temperature. The 
relationship between the amount of a substance 
adsorbed per unit mass of adsorbent and the 
equilibrium pressure or concentration at any 
constant temperature is called an adsorption 
isotherm. The important adsorption isotherms 
which are used to describe the process of 
adsorption are Freundlich and Langmuir isotherms. 
Activated carbon is a material which consists of 
hydrophobic as well as hydrophilic surface 
functional groups which make them beneficial for 
adsorption. The choice of carbon as adsorbent 
material is because of its unique properties of 
electrical conductivity and structural diversity. 
Most of the commercial activated carbons are coal 
based which are prone to exhaustion, non-
renewable and relatively expensive. This situation 
necessitates the need for the exploration of new 
sources of carbon materials such as agro waste 
materials. 
Dyes are considered to be one of the important 
visible pollutants of industrial waste water. Dyes 
are highly coloured compounds which are non-
biodegradable. Methylene blue is an important 
basic dye used for printing calico, dyeing cotton 
and leather. It is not strongly hazardous but has 
various harmful effects, such as eye burns, 
irritation to the gastrointestinal tract and causing 
various skin diseases. Therefore, it is necessary to 
remove methylene blue from waste water. Removal 
of dye can be achieved by chemical coagulation, 
ozonation, membrane filtration, ion-exchange, 
precipitation and adsorption. Among these, 
adsorption is the most effective and economical 
method. Activated carbon has been the most 
effective adsorbent for the removal of various 
pollutants from waste water. This is due to its 
highly porous nature, large surface area to volume 
ratio and presence of surface functional groups. 
The high cost of activated carbon however, restricts 
its application in developing countries including 
India. This has promoted a growing research 
interest into the production of low – cost 
alternatives to activated carbon. Agro waste 
materials offer good prospect. Review of literature 
was conducted to find out agro waste materials 
which have been used as adsorbent for dye sorption 
from wastewater. These are listed in the table 
below.   
Adsorbent(s) Dye(s) References 
Jackfruit peel Methylene blue 1 
Jackfruit leaf Methylene blue 2 
Cotton fibre Methylene blue 3 
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Adsorbent(s) Dye(s) References 
Sugarcane bagasse Methyl red 4 
Rice husk, groundnut 
shell, coconut shell, 
Bamboo dust 
Methylene blue 5 
Indian Rose Wood 
Sawdust 
Methylene blue 6 
Oil palm trunk fibre Malachite green 7 
Yellow passion fruit 
peel 
Methylene blue 8 
Rice husk Malachite green 9 
Banana pith 
Congo 
red,Rhodamine-
B,Procion 
orange 
10-14 
Guava leaf powder Methylene blue 15 
Groundnut shell Malachite green 16 
Rice husk Methylene blue 17 
Materials and methods: Cicer arietinum stalk was 
chosen to be the raw material for preparation of 
activated carbon based on its good adsorption 
properties demonstrated by earlier workers. Three 
carbons were prepared, by using only carbonization 
at 800
0 
(C800) and using two activating agents viz. 
phosphoric acid (MIP), potassium 
hydroxide(MIK). Phosphoric acid treated 
commercial carbon (COM1) was obtained from 
Johnson Matthey. Methylene blue dye (AR) (MB) 
(3, 9-bisdimethylaminophenazo thionium chloride), 
a cationic dye (molecular formula 
C16H18N3SCl.3H2O ,molecular weight 373.90 g 
mol 
-1
,with C.I.Number 52015) was obtained from 
Alfa Aiser. 
Raw material was washed with ample amount of 
DM water to get rid of soil and other foreign 
particles. It was dried in bright sunlight for 15 days. 
Stalks were cut to 3-4 cm length. Material was 
carbonized and treated as is.  
Carbons were prepared by only carbonization at 
800
0
C viz. C800, Carbons MIP and MIK were 
prepared by carbonizing raw material at 600
0
C. 
Carbonized material was impregnated Phosphoric 
acid and potassium hydroxide. Material was 
washed to neutral pH by multiple washings and 
decantation with DM water. Then, material was 
dried in oven at 120
0
C for 8 hrs. Dried material was 
further used for carbonization. In phosphoric acid 
treated material MIP, final temperature for final 
carbonization was 500 
0
C, while for potassium 
hydroxide treated material MIK, it was 800 
0
C. 
After completion of thermal treatment, material 
was powdered in mixer grinder and further sieved 
through 63 micron mesh. As same mesh size 
carbon particles were employed to carry out further 
experiments. Oversize material was blended two 
times more till material passed through 63 mesh. 
Prepared carbons were stored in self-sealing 
polythene liners to prevent ingress of moisture. 
Optimization of process variables: Batch mode 
adsorption studies were carried out to study the 
effects of variables such as Adsorbent dose, Initial 
concentration of the sorbate. Adsorption process 
was optimized with respect to each of these process 
parameters by varying the parameter-under-
consideration and keeping other parameters at a 
constant value. Effect of each parameter mentioned 
above was studied and accordingly optimum value 
of each parameter for maximum removal of 
adsorbate was determined. Adsorption experiments 
were performed using varying amounts (10 mg to 
250 mg) of carbons. To each of the weighed 
material 25 ml of dye (MB) solution of 10 mg/l 
concentration (Co) was added. The flasks were 
stirred on a magnetic stirrer for a period of 30 
minute at room temperature and then filtered. The 
amount of dye adsorbed was calculated for all the 
carbons from the differences in the initial 
concentration (C0) and equilibrium concentration 
(Ce) by measuring absorbance on colorimeter at 
615 nm filter.  
Adsorption Isotherm: To study applicability of 
Langmuir and Freundlich isotherms, desired 
concentrations of methylene blue (10 mg/l to 30 
mg/l) were prepared from stock solution. 25 ml of 
each of the solution was charged in conical flask.    
Each carbon (0.2 g) was added to the flask. The 
solutions were stirred at 200 rpm for 30 min at 
room temperature. They were filtered through 
whatman filter no 42. The absorbance was 
measured on colorimeter at 615 nm before and 
after adsorption to evaluate the initial concentration 
(C0) and equilibrium concentration (Ce) of 
methylene blue. All the experiments were carried 
out in triplicate and mean value of all the three 
were used.  
Results and Discussion 
Effect of sorbent dose The adsorption of MB 
using various prepared carbons viz. C800, MIP, 
MIK and commercial carbon COM1 at different 
dosages viz.10 to 250 mg, has been studied, 
keeping other parameters viz. contact time (30 
minutes), temperature constant. The percentage 
removal of MB at different dosages of carbons is 
presented in Graph 1 
Graph 1: Effect of adsorbent dose on the % 
removal of MB 
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All the prepared carbons show similar trend. 
Percentage adsorption goes on increasing with 
increasing amount of adsorbent dosage. 
Commercial carbon is superior to prepared carbons. 
There is clear cut distinction at lower loading of 
carbon. Amongst the prepared carbon, MIP has 
shown better performance as compared to MIK and 
C800. This can be due to its acidic pH. 
Similar observations are found in adsorption 
capacity as shown in Graph 2 
Graph 2: Effect of adsorbent dose on the 
adsorption capacity 
 
 
 
 
Applicability of adsorption isotherm 
Freundlich Isotherm  
The equilibrium data is subjected to Freundlich 
model.  The values of KF and 1/n are obtained from 
the intercept and slope of the Freundlich plot, log 
qe vs. log Ce (Graph 3 (a), (b), (c)) and are the 
measures of sorption capacity and intensity of 
sorption respectively. The values of KF is found to 
be 0.04 mg/g, 0.05 mg/g and 0.08 mg/g for MIP, 
MIK and C800 respectively.  This indicates a fairly 
good adsorption capacity.  The value of 1/n is 
found to be 0.3262, 0.5793 and 0.702 for MIP, 
MIK and C800 respectively. The value of 1/n is in 
between 0 and 1 indicating that the dye is favorably 
adsorbed on adsorbent. The smaller value of 1/n 
indicates formation of relatively stronger bonds 
between adsorbent and adsorbate.  The value of 
correlation coefficient, R
2
, is 0.63, 0.84 and 0.95 
for MIP, MIK and C800 respectively, indicates that 
the Freundlich isotherm provides fairly good 
linearity for MIK and C800 carbon.  
Graph 3 (a) 
 
Graph 3 (b) 
 
 
Graph 3 (c) 
 
Langmuir Isotherm:  
The equilibrium data is further analysed using 
linearized form of Langmuir isotherm. The linear 
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plot of Ce/qe vs. Ce, is obtained (Graph 4 (a), (b), 
(c)), from which the Langmuir constants, Q
0 
-
 
maximum adsorption capacity (mg/g) and b - 
binding energy are determined from the slope and 
intercept of the plot respectively. Langmuir 
constant b, which is 0.6084, 0.1135 and 0.6729 for 
carbons MIP, MIK and C800 respectively, is 
between 0 and 1 and high value of correlation 
coefficient, R
2
, viz. 0.9793, 0.9655 and 0.9173 for 
MIP, MIK and C800 respectively, indicates 
Langmuir isotherm model is suitable for 
experimental data. 
Graph 4 (a) 
 
Graph 4 (b) 
 
Graph 4 (c) 
 
Conclusions: There is distinction between the 
adsorption capacities of prepared carbons against 
commercial carbon at lower dosages. At higher 
loading values match with commercial carbon. MIP 
carbon is superior in terms of both, adsorption 
capacity and percentage adsorption, than MIK and 
C800. This is because of the acidic pH of MIP 
carbon, while MIK and commercial carbons show 
basic pH as dye retards material with basic pH. 
Langmuir isotherm is more favourable for all three 
prepared carbons viz. MIK, MIP and C800 than 
Freundlich isotherm. 
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